ABSTRACT -The objective of the present study was to evaluate the genetic and non-genetic effects that influence vigor at birth and preweaning mortality in Nellore calves. A total of 11,727 records of births that occurred between 1978 and 2006, offspring of 363 sires, were analyzed. Poor calf vigor at birth (VB) and preweaning mortality divided into stillbirth (SB), early mortality (EM) and total mortality (TM) were analyzed as binary variables. Generalized linear models were used for the evaluation of non-genetic effects and generalized linear mixed models for genetic effects (sire and animal models). The incidences were 4.75% for VB, 2.66% for SB, 5.28% for EM, and 7.99% for TM. Birth weight was the effect that most influenced the traits studied. Calves weighing less than 22 kg (females) and less than 24 kg (males) were at a higher risk of low vigor and preweaning mortality. Preweaning mortality was higher among calves born from cows aged ≤3 and ≥11 years at calving compared with cows aged 7 to 10 years. Male calves presented less vigor and higher preweaning mortality than female calves. Selection for postweaning weight did not influence preweaning mortality. The heritability estimates ranged between 0.01 and 0.09 for VB, 0.00 and 0.27 for SB, 0.03 and 0.17 for EM and 0.02 and 0.10 for TM. Stillbirth should be included as a selection criterion in breeding programs of Nellore cattle, alone or as part of a selection index, aiming to reduce preweaning mortality.
Introduction
Preweaning mortality is an important economic component of farming systems since it reduces the number of animals available for sale (Østerås et al., 2007) , compromises animal well-being (Hansen et al., 2003) , and reduces the number of animals available for selection as well as genetic progress (Fuerst-Waltl & Fuerst, 2010; Meyer et al., 2001 ).
Reviews on the effects that influence preweaning mortality of calves were published by Mee (2008) and Meijering (1984) . The most recurrent fixed effects are dystocia, age of dam at calving, and sex and birth weight of the calf (Azzam et al., 1993; Johanson & Berger, 2003; Meijering, 1984) . The heritability estimates for mortality are usually of low to medium magnitude, ranging from 0.00 to 0.26 depending on breed, cow age, mortality period, and model of analysis used (Fuerst-Waltl & Fuerst, 2010; Koots et al., 1994; Martinez et al., 1983) .
Most studies on calf mortality have investigated stillbirth in dairy breeds. Investigations evaluating preweaning death in beef cattle are less frequent. One reason for this fact is the lower availability of records as reported by Bleul (2011) , since in many countries preweaning mortality is only recorded in dairy herds. The number of studies is even lower for Bos indicus animals (Riley et al., 2004) . The authors of the present study found no article investigating the genetic and non-genetic effects that influence preweaning mortality in Nellore calves. The Nellore breed accounts for a large part of the Brazilian cattle herd (Albuquerque et al., 2006) and the country is currently one of the leading exporters of beef meat of the world.
The objective of the present study was to evaluate the genetic and non-genetic effects that affect vigor at birth (VB) and preweaning mortality of Nellore calves in order to expand knowledge of the incidence and additive genetic variability of these traits as a way to reduce mortality before weaning. In 1980 the Nellore herd at IZ was subdivided into two herds: a "selection" herd, selected for higher postweaning weight and a "control" herd, selected for the average for postweaning weight. The two herds were kept in the same environment. Further details about the herd and the selection process were described by Mercadante et al. (2003) .
The following records were excluded: i) no information about paternity, age of dam at calving, sex or date of birth of the calf, and ii) calves originating from embryo transfer, abortions or twin pregnancies. After editing the data, 11,727 birth records were used, including 7,384 births that occurred at IZ between 1978 and 4,343 births that occurred at MH between 2002 and 2006. The calves were born from 3,602 dams and 363 sires. The herds were connected by 15 sires used in both herds.
The calves were identified and weighed within the first 24 hours after birth, period when data regarding stillbirth and vigor were also recorded. The calves were weaned at an average age of 7 months.
Vigor at birth (VB) was defined as 1 (low vigor: calves classified as stillborn, weak, abandoned, rejected by the mother, calves that could not nurse on their own, and calves with some physical defect), or as 0 (adequate vigor: all other calves).
Preweaning mortality was evaluated at three periods (Table 1) : stillbirth (SB), early mortality (EM) and total mortality (TM), defined as 1 (calves that died within a period) or as 0 (calves that did not die within that period). Thus, SB included stillborn and not viable (malformed) calves whose death occurred at birth or up to 72 hours of life. EM comprised all deaths that occurred before the first month of life, and TM included all deaths that occurred until weaning.
In order to identify important effects on the traits studied the GENMOD procedure of software SAS (Statistical Analysis System, version 9.0) was used to fit generalized linear models to the data. In addition to the main effects, all two-way interactions were tested, which were not significant (P>0.05) except for the interaction between birth weight and sex. Therefore, birth weight classes were created for each sex.
The models included the fixed effects of farm (IZ; MH), year of birth of the calf (1978 to 2006) , period of birth of the calf (August to October; November to January), sex (male; female), birth weight class defined according to the mean and standard deviation of the trait for each sex (females: ≤22 kg; 23 to 26 kg; 27 to 31 kg; 32 to 35 kg; ≥36 kg; males: ≤24 kg; 25 to 28 kg; 29 to 34 kg; 35 to 38 kg; ≥39 kg), class of inbreeding (0%; >0 to 2%; >2 to 4%; >4%), and class of dam age at calving (2 and 3 years; 4 to 6 years; 7 to 10 years; ≥11 years). The model for SB did not include the effect of birth weight since this information was only available in 53.5% of the records.
Odds ratios were calculated for VB and mortality. According to Johanson & Berger (2003) , the odds ratio compares two opposite probabilities to determine which one has the higher chance of occurrence. The significance of the odds ratio is given by the confidence interval, usually the 95% confidence interval. Reference classes were established to evaluate the risk of occurrence in one class compared with the reference class. In the present study, the reference class was defined as the class presenting the lowest chance of occurrence of the problem.
The effect of selection for postweaning weight on the four traits studied was evaluated using only the records of births that occurred between 2002 and 2006 at IZ by calculating the odds ratio of herd effect (selection: 454 animals; control: 244 animals). The animals of the two herds were kept together in the same environment and received the same treatments. Therefore, it is expected that phenotypic differences in vigor and mortality correspond to genetic differences between herds.
For genetic analysis, the deaths from accidents were excluded from the dataset. For the genetic analysis of VB, stillbirths were also excluded. A numerator relationship matrix containing 15,607 animals was computed, tracing back up to four generations from the calves studied. In all analysis, except for Model 3, the traits were considered as calf traits. A sire model (Model 1) was fitted to estimate the genetic parameters of the studied traits (Guerra et al., 2006) . The mixed model can be described as: Y = Xb + Z 1 t + Z 2 gc + e where Y = vector of the binary responses of vigor and mortality at the three time points (1 = low vigor or 0 = adequate vigor; 1 = dead, 0 = alive); b = vector of fixed effects; t = vector of random effects of the sire (father of calf); gc = vector of random effects of the contemporary group; and e = vector of random residual effects. X, Z 1 and Z 2 are incidence matrices that relate the vectors of fixed and random effects to the response vector. The models included the fixed effects of sex (male; female) and class of dam age at calving (2 and 3; 4 to 6; and 7 to 10; ≥11 years old). The contemporary group was formed by farm (IZ; MH), year (1978 to 2006) and period of birth (August to October; November to January) and was included as a random effect to avoid problems resulting from the occurrence of subclasses without variability, i.e., absence of low vigor or death (Misztal et al., 1989) .
In addition, same animal models, with the same fixed effects described above, were fitted. As regards random effects, these models were defined: Model 2: additive genetic effects (a), maternal permanent environment effects (c), contemporary group effects (CG) and residual effects (e); Model 3: like Model 2, but considering the analyzed variables as dam traits; Model 4: additive genetic effects (a), maternal genetic effects (m), maternal permanent environment effects (c), contemporary group effects (CG) and residual effects (e).
(Co)variance components were obtained by approximate restricted maximum likelihood estimation in univariate analysis using the ASREML program (Gilmour et al., 2008) . A generalized linear mixed model with a logit link function was fitted, which implies the correction of residual variance by the factor π 2 /3 (Southey et al., 2003) . The logistic model uses a link function g(π i ), which links the expected value to the linear predictor η i (Maxa et al., 2009) . Convergence was reached when the change in log likelihood was less than 0.002 between two consecutive iterations and the change in the parameter estimate of individual variance was less than 1% (Gilmour et al., 2008) .
Total variance estimates for sire model were computed as the sum of sire variance, contemporary group variance and residual variance. Heritability (trait of the calf) was estimated as: h 2 = 4 * Var sire / Var total where Var sire corresponds to the genetic variance component of the sire and Var total corresponds to total phenotypic variance.
Results and Discussion
In the present study, 74% of the calves with low vigor records died before weaning. The incidence of low vigor (Table 1) was about 50% lower than the rate reported by Riley et al. (2004) for Brahman calves (10.6%). Although daily temperature data was not available in the present study, the occurrence of days with minimum temperatures lower than or equal to 5.6 °C was not common during the calving season. This could in part explain the lower rate of calves with poor vigor in the present study compared with the Brahman study.
The mortality rates observed (Table 1) were coherent with those reported in the literature, although most data refer to Bos taurus animals. Stillbirth rates ranged from 1.4% to 11% and deaths from birth to weaning ranged from 3.2% to 10.8% (Bleul, 2011; Eriksson et al., 2004; Meyer et al., 2001; Riley et al., 2004) . The mortality rate declined with increasing age of the calf, with the observation of a larger number of deaths in the first days of life, particularly up to 30 days (Figure 1) .
Concerning the causes of death (Table 2) identified, weakness was the most frequent, occurring mainly during the first 15 days of life. With respect to death due to diseases, diarrhea was the main cause (28.6%), followed by inflammation of the navel (21.4%). The main causes of death due to accidents were snakebites (30.8%) and falling into ditches (13.3%).
The year of birth and farm effects were significant for the four traits studied (P<0.05). Period of birth effect was only significant for TM (P<0.05), with 13% greater odds of death for calves born between November and January, The effect of inbreeding class was not significant for any of the traits (P>0.05). The remaining fixed effects included in the models are expressed in relation to the class of effect of lowest incidence (reference class) (Table 3) . Birth weight was the main cause of low vigor and preweaning death. Calves born with intermediate weights presented better vigor and lower mortality than the other animals (P<0.01). In a preliminary analysis of SB using part of the sample studied for which the birth weight data was available and the effect of birth weight class was included in the model, the risk of death was 5.5 times higher for lighter calves (P<0.01) when compared with those with intermediate weights, and 2.9 times higher (P<0.01) for heavier calves.
There is consensus regarding the negative impact of extreme birth weights on calf mortality, which normally shows a quadratic trend (Bleul, 2011; Guerra et al., 2006; Johanson & Berger, 2003; Martinez et al., 1983) . There is also a consensus that lighter calves are at a higher risk of death than heavier animals, even considering the occurrence of dystocia in heavier calves (Katoch et al., 1994; Koch et al., 1994; Rawal & Tomar, 1994) .
The risk of low vigor and death was about 20% higher among male calves compared with female animals (P<0.01) ( Table 3) . This difference is frequently reported in the literature, with the incidence of preweaning mortality sometimes being twice as high in males compared to females (Azzam et al., 1993; Bleul, 2011; Riley et al., 2004) . One common explanation for the association between sex and birth weight is the higher weight of males that results in calving difficulties which, in turn, increase the risk of death. This is in contrast to the present study in which calving difficulties were rare (0.3%). An alternative explanation was provided by Machado Neto et al. (1997) , who found higher concentrations of immunoglobulins in female calves, a fact that may increase the chance of survival of that gender.
Age of dam at calving was the second most important effect influencing preweaning mortality, with the probability of calf loss tending to be lower for adult cows. The risk of death was about 20% higher among calves born to cows aged 2 and 3 years and older than 11 years than among those born to cows aged 7 to 10 years (Table 3) . Calf vigor was not influenced by age of dam at calving (P>0.05).
There is consensus in the literature that age of dam at calving affects preweaning mortality. This influence is usually lower during adult life, whereas higher offspring mortality is observed at the beginning of the reproductive life of the cow and, to a lesser extent, at the end of this period (Azzam et al., 1993; Bleul, 2011; Riley et al., 2004) .
Despite the identification of the risk factors for calf death, their mechanisms of action remain unclear. In this respect, further studies are needed to elucidate these mechanisms and to develop more efficient care strategies for high-risk animals.
No significant difference in the four traits studied was detected between the selection and control herds (P>0.05). A similar result was reported by Cundiff et al. (1998) , who found no effect of selection for higher yearling weight.
Studying the same herds over 22 years of selection for postweaning weight, Mercadante & Razook (2010) reported large difference for birth weight genetic trends between the two herds (0.67% and -0.03% of the annual mean for the selection and control herds, respectively). In addition to Table 3 -Number of observations (N) for each category, odds ratios and corresponding standard errors of vigor at birth (VB) and stillbirth (SB), early mortality (EM) and total mortality (TM) correlated genetic changes in birth weight, a genetic change in cow weight was also observed in the experimental herds studied (0.38% of the annual mean) (Mercadante et al., 2004) . These cows had a mean weight of 431.9 kg, resulting in a calf-to-cow weight ratio of 7.0%, a value close to the optimal ratio of 7.2%, due to the reduced mortality of 3.1% (Johanson & Berger, 2003) . These authors reported higher mortality for calf-to-cow weight ratio of 4.5% and 9.3% (corresponding to 8.2 and 5.7% of calf mortality, respectively). Considering the larger birth weight of calves from the selection herd compared with the control herd, an increase in the dystocia rates could be expected, which in turn could increase preweaning mortality occurrence in selection herd. We can hypothesize that the near optimum calf-to-cow weight ratio in selection herd could partly be due an adjustment between cow and calf size, avoiding de increase in occurrence of dystocia and consequently, in mortality rates. Although VB showed to be a valuable phenotypic indicator of calf death risk, selection against low vigor would not be efficient, since heritability (h 2 ) for this trait was low (Table 4) . The results are in agreement with the estimates reported by Riley et al. (2004) for birth vigor of Brahman calves, but in the present study, even lower direct heritabilities than those were estimated.
Direct heritability estimates for mortality showed a tendency to decrease as the calves approached weaning age (Table 4 ). The result can be interpreted as a reflection of greater environmental influence on deaths that occur at older ages. A similar trend was reported by Alencar (1982) for Canchim calves and by Cundiff et al. (1998) , who studied various genetic groups. Goyache et al. (2003) , evaluating the Asturiana de los Valles cattle breed, reported a trend towards higher h 2 for mortality up to 72 hours of life when compared with deaths that occurred between 72 hours and weaning, but a higher h 2 was observed when the whole period was considered.
The present results indicate the possibility of reducing SB through direct selection against the trait (Table 4) . Although results will only be obtained in the medium or long term, their effects will be permanent in the herd. In a review, Koots et al. (1994) reported mean heritabilities of 0.06 and 0.12 for SB of cows and heifers, respectively. Cundiff et al. (1998) and Goyache et al. (2003) found similar h 2 estimates of about 0.10. On the other hand, very low heritabilities of 0.00 to 0.04 have been reported by Meyer et al. (2001) , Eriksson et al. (2004) and Fuerst-Waltl & Fuerst (2010) .
Results from animal models analysis (Table 4) indicated that SB is more influenced by calf than by dam traits, supporting the importance of the direct additive component for the expression of SB. Goyache et al. (2003) found 2-fold higher heritability estimates of perinatal survival when considered as a calf trait rather than as a dam trait.
Heritability for EM was lower than that estimated for SB, with similar results when considering EM as a calf or as a dam trait (Table 4) . In a study on mortality in the first month of life, Fuerst-Waltl & Fuerst (2010) Cundiff et al. (1998) and Riley et al. (2004) , with values ranging from 0.04 to 0.06. Other investigators obtained higher h 2 , ranging from 0.11 to 0.20 (Alencar, 1982; Cundiff et al., 1986; Goyache et al., 2003; Guerra et al., 2006) .
The results indicate the possibility of reducing SB through direct selection. Since SB accounted for more than one-third of TM, this selection should also reduce TM. In this respect, Fuerst-Waltl & Fuerst (2010) estimated a genetic correlation of 0.90±0.06 between calf mortality until the first month of life and from the first month to weaning.
Conclusions
The survival of Nellore calves depends on various factors that involve the simultaneous action of genetic and environmental effects. Birth weight is highly relevant for the definition of calf vigor and, therefore, for the chance of survival until weaning. In order to reduce the risk of calf loss, strategies for environmental improvement and genetic selection should be developed to avoid the birth of calves with extreme weights, particularly those with low birth weight. Considering the higher risk of death among male calves with low vigor and among calves born to very young or very old cows, special attention should be paid to individuals presenting a combination of these traits in order to minimize losses due to death, using management actions. The stillbirth trait should be included as a selection criterion (alone or as part of a selection index) in Nellore breeding programs aiming to reduce preweaning mortality.
